Abstract. Benign breast diseases represent the vast majority of diagnosis in breast pathology. However, the limited capability in identifying lesions at high risk of breast cancer evolution is an increasing problem in clinical practice. In the present study, we tested the hypothesis that the overexpression of S100P calcium-binding protein, previously identified in the very early stages of breast carcinogenesis, could be used as a marker to differentiate lesions at high risk of malignant evolution. In addition to S100P, the well-known proliferative marker, Ki-67, and estrogen receptor (ER) status were also assessed by immunohistochemistry in 155 samples from patients who submitted to stereotactic vacuum-assisted core biopsy due to breast microcalcifications. Results showed a positive association between ER and S100P overexpression, as well as a clear positive association between S100P overexpression and high-risk lesions. The strong association between S100P and ER expression highlights the hypothesis about the possible role played by S100P in the very early stages of breast carcinogenesis.
Introduction
Due to the widespread implementation of minimally invasive procedures, a large amount of benign breast diseases have been diagnosed, particularly proliferative lesions (1) . Nevertheless, the relationship between benign breast lesions and subsequent risk of breast carcinoma has worried researchers, pathologists and surgeons all over the world. Indeed, according to the Nashville group, the risk of breast cancer increases in the presence of proliferation, cell atypia, calcification and previous family history of mammary cancer (2, 3) .
Considering that just a small proportion of proliferative lesions will progress to invasive neoplasia, and classification of these lesions based entirely on morphological criteria might be limited, we consider that the association of histology, immunohistochemistry and biological markers may elucidate a more informative diagnosis in breast biopsies (4) .
Breast proliferative lesions are considered to be one of the first events towards malignant transformation (5, 6) . Many studies have been conducted with typical and atypical ductal hyperplasia, trying to identify the lesions at greater risk of progression concerning the expression of one of the most important prognostic markers of breast cancer, the estrogen receptor (ER). Indeed, ER expression seems to be a very good marker of breast lesions at high risk of breast cancer evolution, acting as a marker in the early stages of breast carcinogenesis and confirming anti-estrogen therapy as a possible prophylactic treatment (7) (8) (9) (10) .
When activated by estrogen or its toxic metabolites, the ER can mediate the cellular transcription of several genes, including the ones that might be involved in processes that can facilitate or promote malignant transformation (11) (12) (13) (14) (15) . Silva et al have identified another very interesting candidate gene that became overexpressed in the early events of breast carcinogenesis, the S100P calcium-binding protein (16) .
This protein was first identified by Emoto et al in the human placenta; the gene is located in chromosome 4p16 and has 95 residues with a molecular mass of 10 kDa (17) . S100P is a homodimer with two functional EF-hands/ polypeptide chains, and the C-terminal is an ideal candidate for calciumdependent interactions with cellular targets (18, 19) . Whereas the specific function of S100P is still unknown, there is a large body of evidence suggesting that this protein is important to cell proliferation in breast and other tissue (20) (21) (22) (23) (24) (25) (26) (27) (28) .
To pursue and confirm these previous findings, we decided to analyze the expression of S100P alone and in combination with ER expression and the proliferative marker, Ki-67, in 155 breast lesions associated with microcalcifications and stratified, according to histological criteria, for cancer risk development. Table I . Frequencies of risk groups and histological lesions. ------------------------------------------------ a Fitzgibbons et al, 1986. b DUH, ductal usual hyperplasia; AH, atypical hyperplasia; DCIS, ductal carcinoma in situ; LN, lobular neoplasia grades 1 and 2.
- Table II . Predictive value of each marker considering the histological risk group. 
-------------------------------------------------

Laboratories). The immunoperoxidase staining was performed using a streptavidin biotin-peroxidase method with DAB (Dako). Slides were mounted after hematoxylin counterstaining. Negative and positive controls were carried out.
We analyzed the expression of S100P, considering the presence or not of cytoplasmatic and/or nuclear expression. The ER was considered positive only when the intensity of the reaction in the nuclei was at least moderate. The proportion of positive cells was scored subjectively by two independent observers using a cut-off value of 10%. For Ki-67, we also scored subjectively in a semi-quantitative manner considering 0%, <10%, and >10% since few cases presented higher scores.
The data were analyzed using Pearson's correlated coefficient contingent analysis (2) and multinomial logistic regression and discriminate analysis using SPSS software. All tests were considered significant at a level of 5% (·).
Results
Immunohistochemical studies. Normal breast tissue stained for ER up to 10% and negative for S100P (Fig. 1a and b) . In addition, the absence of S100P expression can also be observed in typical ductal hyperplasia (Fig. 1c) . In contrast, atypical ductal hyperplasia and in situ carcinoma stained for ER and S100P showed very strong expression of both proteins (Fig. 1d-h ). The majority of cases showed a low proliferative rate, <10% of the cells. All cases of ductal carcinoma in situ were positive for S100P and ER in >10% of the cells and this positivity decreased gradually from atypical to typical ductal hyperplasia.
Correlation between immunohistochemistry and histopathology. Patients (155) were evaluated and stratified in groups based on their histological lesion and risk of developing invasive breast cancer (Table I ). The predictive values of S100P and ER were quite similar concerning positivity in the low, moderate and high risk groups (Table II) . Age was strongly associated with ER expression mainly among patients under 50 years of age (p=0.002).
We performed the same analysis concerning histological diagnosis and found an association of ER and S100P with hyperplastic lesions and ductal in situ carcinoma, but not with lobular neoplasia (p<0.001). The Chi-square test showed a strong association between S100P and ER (p=0.019), and between S100P and Ki-67 (p=0.001) (Table III) . We could not find an association between ER and Ki-67 expression (p=0.596).
Discussion
Silva et al previously demonstrated that S100P protein was absent in normal breast tissue and detected in typical and atypical hyperplasia, and in situ and invasive ductal carcinoma, indicating that this protein exhibits a strong link with tumor progression (16) .
In the present study, we found a strong positive correlation among S100P and high risk breast lesions. The significant positive correlation between ER and S100P strongly suggests that S100P might represent a good marker for differentiating between high and low risk of cancer evolution. This is, in a certain way, confirmed by the findings that breast lesions negative for S100P expression are at extremely low risk of cancer progression.
Arumugan et al demonstrated that S100P stimulates cell proliferation and survival via the receptor for activated glycation end products (RAGE) (30) . In addition, they observed that expression of S100P led to the release or secretion of this molecule into the culture media and conferred significant proliferation and survival benefits to NIH3T3-transfected cells. These data confirmed the previous observation of Silva et al who reported the accumulation of S100P in the apical supra-nuclear portion of breast epithelium, secreted to the extracellular compartment (16) .
In the present study, we further confirm these results by detecting S100P around the microcalcifications of breast tissue. It seems that S100P would be able to transport the calcium out of the cell with two consequences: reducing the intracytoplasmic calcium concentration and leading to calcium precipitation in the extracellular environment. This was also described by Russo and Russo who showed a correlation between the expression of S100P during the process of cell immortalization and the ability of these cells to pump out Ca ++ more efficiently, and implicated by the formation of microcalcifications (31) . Since increments in intracellular calcium concentration are responsible for mechanisms that can lead to senescence and programmed cell death in breast epithelial cells (32) , apoptosis would be blocked by S100P (33) . We also found an important positive correlation between the proliferation marker, Ki-67, and S100P expression in our clinical samples, suggesting that S100P can stimulate proliferation.
As expected, a strong positive correlation was also detected between ER expression and high risk lesions for breast cancer. However, when a specific lesion is analyzed from the point of view of both ER and S100P expression, it seems that the risk of breast cancer is negligible in the absence of S100P ONCOLOGY REPORTS 15: 3-6, 2006 Table III. Association of S100P with ER and Ki-67.
n (%) n (%) n (%) n (%) n (%) --------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------- expression. Therefore, it is tempting to speculate an eventual participation of S100P in ER action. Indeed, it is already known that S100A10 (p11) is the regulatory subunit of annexin II, the major cytoplasmic avian sarcoma virus (src) transforming protein kinases substrate. Since the src1 family is considered to be an ER co-regulator, we can speculate that the eventual action of S100P indicates its role as another coregulator of ER (16) .
In conclusion, despite the few S100P studies addressing its mechanism of action, we were able to demonstrate a strong association between S100P overexpression and breast lesions at high risk of cancer progression in the present study.
